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PROBLEM TO BE SOLVED: To adjust the internal stress of a semitransparent film a suitable range in 
state where the resistance to acid, the resistance to alkali and the resistance to impinging excimer laser 
of the semitransparent film formed in a phase shift mask blank or the like are improved. 
SOLUTION: The phase shift mask blank of halftone type has the semitransparent film with at least one 
layer of a thin film including silicon, nitrogen and/or oxygen formed on a transparent substrate, and is 
used for exposure light with a center wavelength not longer than 248 nm. The surface of the 
semitransparent film is precisely formed so that the surface roughness is not more than 0.3 nm in Ra. 
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(54) »>7hTX^^>^, ttfr>7KX^ 



(57) [Rft] 

[11] fcffiz/y V'*7s9 7 : 7>9 7sm\Z&ttZ>yt* 



(2) 



ftffi 2 0 0 2 - 1 6 2 7 2 7 



1 

HWIFil#<DlBB] 

i^-t, iJiiMftftJ&*2 4 8 nmX»4*n«tOfe^ft* 
©«3t3ttlCj*UTffl^6n*A-7 h-> Steffi^? h 

tt2£E*E<BA-:7 h->S!ffi«>>:7 hvx^y^> 20 

n ££#®£T£M*i i - 3 ^li-rn^tciafE^A- 

7 i — >m&ffiyy h7X^"/7>?« 

c t*i#«i-r*i(i#B 1-3 <&^-rn;wcE«<0A— »o 

y hvx^^7>^T^ot, 

«5IEvUn>, Rt>\ a£«R«/X»M***trtWI 

JC < tO»j«an&ilT*4&c:4:«r»«i:'r*A-7 h- 
>^&ffiv^ hVX^y7>^o 
[H*»7] |»*S2^BB««)A-7h->aM£ffl>' 40 

y h7x^y7>^t^-?T, 

mjfBxU3>, R£>\ S*fttf/Xtt»*S*»»* 
tt^«tO»J«anfcilT*acfc*«r«i:T*A-7 h 

-ym&myy hvx^y^>^„ 

Hfl#H8] ii&E&JB. ->^>> ^MJkTS/ 
U>^-^7htlT, yija>^7 0-9 5mol 50 



[»#JH 9 ] fit**H l - 8 <D^1*n*Mc:E«©A-7 
flftEft^SiBIRtt* 2 0 0 , Ctt±Ol*T»«iSftfc 

X^^7>^o 

Tffl^6>WA-7 I >Mv7 h77^y7>^ 

WE3t¥2ifllStt. M^y'J3>m7/t7^U> 
[(j^oT, #oo. 2/ix^;^Tco/±^c^i?Hm4 ] 

[MF ££ i i ] MB%*3iMttt. X¥Slltf«»S 
!($itt5i*Si -8<^^m^tcEitcOA-^ j — 

ym&myy w^v-f^yo* 

[8S*3S l 2 ] Mr 1-9 (D^Tn^KEKOfitfB 

[W*H1 3] B*S1 2tdE«©firffli/7 hVX^7 

WE»KCD3%^<tt>-'i^ °- 1 5/U*;HJl 
[0 0 0 1 ] 

[£ie±a>5flJ/8#»] #38»»tt. tt«'>7h^?i:B 

I^y?l/-f- iCArFX+yTlz-f-^F 
[0 0 0 2] 



3 

fr\z£tlfc (^Semiconductor World 1990. 12. Jfcffl 

tumme otsi i^(i99i)«). 

[0 0 0 3] H©«fc5fcttiaT. *fft©7*h'JV^ 
^ttCJcOaaftfiS©^***^^******* 65 

KftjiT££.fc7Jc:L7tt>©"T?<&-5. tefflv-^NTX:? 1 

U^>y> (Levenson) S. *Sf»/S*->3L SS@£ 
S (Xyi^SSHS!) &<h*©&«*^:7atfc]6nT^2>. 

cne.fflfffl->7 hvx^tt. ft&Ktimua^ufc:^ 
tE*©7* i-vxxicit^. mf&t>mi&T-Mmiz>bmm 

[0 0 0 4] C©fiffl->7h-7X^©-Oilt. 

$5a-7 i — >SM£ffl->x hvx^t^n^itav 

CttC^f5©T, jgftlBlA-^-i'.t&fflvX MR/**- 

>*»j-*c»j«-r*^B* t tt< . *>« 

•7 hVXSUCfel^Ttt^X^/l:? — >©iflX4 K7-fX 

h*«E*»j-»©»T?^a-r**ffi-c»s, ffi3t««**-r 

SJBtte«->7h««S:j*Oji©H^tt>^T, 
A' * - > * # -5 J6 © iSS^$ilfP^*'£>M-r 

Ig4fflMC^T§5©t, -7X7©SbtXS£m 

[0005] a — y h->moim>>y bTXT-tt. 0 
ica^L&^asroftfcaas^fcft^saBB m^tm 

it&ffivX 3 00iTMb (a) ) . 

&#©&«£** LT*««CS(GUfcHfft:ft4J:5 IC 
TS-ttcioT (|aJ0 (b) ) . 3t*aJi*fc3tt»il 
a5t©«t*SSifi«S«raiflUlHl#Ta*K:«fc-3TStii:«# 
©MteJUcUl 0 j^A/Ofr^S^lcfT^iB L & -5 ck 5 (c L. 
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[0 0 0 6] tC5T±ai/ftA-7 h->»Ott*5' 

umisyhm) «, na©;R2r 

S. JWfrW'ICtt. (1) KrFI+y7l/-f- Ar 
F tf-^©a3teKfit~*5^Taa3°>£ 3 ^ 
e.2 0%©KHTPSplHgTfeS-i:, (2) iWIBSft 
«fil:il»ti*IJl 8 0° ifi«©«fCft«ft**««E^I 
HET**-t. (3) «tSfiT»42 5 7 nm. 2 6 
6nm. 3 6 4 nm. 4 8 8 n m«?©jSfi(C*5C' : >Tjl^ 

^fr*5. ±aiL-fcA— 71 — >m<Dnm^y 

b V X 7 ^ 7* 7 > 7 (C 43 It 5 3t¥i§a8B^3fc¥>£i®l^ 
({4ffl->7hJl) tt. T^jfSiSlgC^tift^ 
VX?ffiffil5©ftfr^©MMSXtti5fc^ig£ UTfffl s 

n****©»»iftK»t-s+#fc»Xtt. Rtf7> : e 
-r«©7;i/*u^fgtcwr-5+^w^tt*# lti^ 
5&g#<&-5. tit. z\n*,(Dm&2n2>mmti.¥f& 

* *i«»ef U 5 5fiffi ">7 hvX*£B8 

u tu^^v-'JiM KKfcttft:* l 

4 7 9 2. ^1^2 8 7 8 1 4 3^. ftffgS 2 9 8 9 1 

5 6^) lCgir-5JS^fft3nTV»S. £<E>K. _ki£U 

tc/\—7 1 — >m<oiim^y v?7>y j $>7y>v\z.&n 

ft^aaawft^aa 

7j£WUTtA&l/>;i tMITSS. ArFI+ 
->VU— !f- (19 3nm) fflA-7 I — >3S©fetB-> 
X hTXXi b 7'5>^tC*itiTfi. rtBBJS/W'hS''^ 

[0 0 0 7] 

11>5U- tf©^S* s i IS (3 6 5 nm) -^K r FX* 
-771/— tf— (2 4 8 nm) 7^£>. ArFI+yVl/- 
+)-•_ (i9 3nm) ^t^KSftT^^^nT, XkEL 
fcfi£3fc©A-7 1 >SH£ffi->X hVX^Rt/-e-©«3i 

ft¥aa^ft*aaii£©aa*;RtmffiM£A r 
^eu^^'Jim hh«. BSt&3F©&i§«cK*r-r-£>w 

aia^R^ta^tc-f titftk ct l s 7 1 ^ 7 raa*«» 
mzimm<D?tazm\s> aa«©»««c3*r* 
BX'i4Scy c T> ; ex7#©7;u* u ^icjct-r^wxtt 

HJ¥Sft{cft?¥tT*5 0. [ilBft©-rnttTIBS; (1) 
[3 60 (n-1) d] /A (1) 



•v • 



(4) 
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55; (1) fci^T, ntt3t*3ia8508JtiKfifC*5tt* 
5. ArFX*^l/-tf-ffl©i^ KiSiK 

3£V>'5IBJBj&***. ^£9, ArFX*'>7l/-tf- 

w tt ±jfi u a /S ^ fuififrx & * n/t <& -e * o > 

^*ft¥aaK*tt¥aafflG>Wfttt* »7;V*Utt, 

tr>*3t¥aait*#*aa*©i«tt* »7;i/*utt. 

[0 0 0 8] ftffly7hVX^7(?)im mrjixv 
tt> ROWX*^^U-1f--HH»»tt*fiI-t***fc» 

8 9i5 6wra«snT^«. 3t*aa«<o 

ffij£*«{tS^#S£tt«LT. ft¥aaBB0>aa* 

< T£f Z> Ct^SflT 
Sfty'J3> (S IN) RK:*5^ 
T, XAy*»J ytf&'if 3*iX«)E*6^S< Ufc* 
£\ Bl©rt»JK*^ifjaT*4:^ , 5iail**** (J.Elec 
trochem. soc. .Vol. 137, No. 5, May 1582-1587 (1990)) . 
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7>^7XSW4ffly7 h^X£tcm>*3te¥3aK^J£ 

*aass©»stt^ i7;wjtt. wix+yvi/- 
if-»»wtt*ift±**fctt» ,, c, 3t#aa«^3tt¥a 

aW^rtSR^EASffiffl^^ hvxi7:/^>^XRtf{iffl 
y7 hvx^ffltbTa^lBHtwIHSE-rSiltSrSBH 

[0 0 0 9] 

[0 0 10] (*JS1) awStR±lc. v»J3X K 
ttft^aaiRSr^U ^'Mftft*^ 4 8 nmXttWi 

aH©*ffifiS^ R alC*5(^T0. 3nm£lTt6S 

[0 0 11] 0KjS2) awSKii:. y'JJX R 

effiy7h^X^77>^T , $)oT, flafSTt^SilK^ 
«H©Xffifi3^ RatC&l^TO. 2nmKTt65 
ct3ft«*aBlT?**Ct*»«ti-*A-7 h->§« 
®&z/7 h7X^7^7/^o 

[0012] (tgj55c 3 ) tsmzs u a >, ms. ^.m%L 

[0013] («jsE4) wEJt^aaiRA^ &jg, v 

mmtr&z z:t&wwit-?z>mfit i ~ 3 ^m^icis 

[0 0 14] («flE5) MKt^aaBW** y'J^ 
>, Rr>\ a*Rtx/xtta*^6*RM^ft*waa 

Xte, v>J=i>, RtA SSiRtf/XteK 

*a*&*«MK&*isaa*iii, eaa^Ji^sr^tf 
ists^/N-^ 1 — >mi&ffiz/y F77^^7>^ 

[0 0 15] <«l£6) i«lC»A-7 h-> 

r^, ^mRTf/^mm^tswrn^ ->'j3>sft 

lT**^i:*»Ii:nA-7 h->Sfiffly7 

x^y^>^«> 

[0 0 16] (IR/S7) ^^2 JC8fi^(7)/N-y 1 — > 



(5) 
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SSttySiatt8ot, *oo. l 5/U*^KT 
cAIE^flfflm+T, X/ty^U > Affile J; 0»J«S<1 

[0 0 17] (tSi£8) Suffi^S, y'Jax Jfctf, 

9 5mo 1 %^tT^-y^ hfe«^T»J«Snfc»t"X?* 

[0 0 18] U8/fi9) «fiE1^8(D^-rn*^CE« 

<D/\—y I — vaMSMBS"? hvx^^>^tc:fc^T, 

[0 0 19] (IftjSl 0) S^Sffi-ttc, ftjR. y'J 
n>, £3g;fttf/;m«ili£^tf3fc¥aaiK£W 
U 2 4 8 nmXtt-tn<fc0Jfi^iS[i©*3t 

y7>^T$>oT, B9E3t¥8iSai«, £g<hS"J=i> 
[0 0 2 0] (Wjsfi 1 1 ) ffirEft^aaMfct. ft^a 

-r* c t-r4«j« i - 8 ovi-rn^tcEiE^/N 

[0 0 2 1 ] (M12) *flcl^9©^-rn*^CE 
«<Dfiffl->^ h^x^:/7>^£:fctt53£¥aaK*/ , < 

[0 0 2 2] K13) flfjKl 2 1CE«^*B'>7 

[0023] mmi*) mmmwL±.\zn9-y^m 

JIM 0. 1 5/N°X^;l/^T^EE/J^^HM+TX 
/I >y ^ U > Affile ct 0 JK^RSnfc - <h £r*$® fc-T * 7 * 

[0 0 2 4] J^T, *58W*»»JcRWrs. *589] 
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Ktt, iTMUtt, |I*y7l/- -tffigS>f»tt^r6]± 

»SfHCtOTSS. «7t3t©+^«[S^2 4 8 n 
mffllCJtLTtt* Rail 0. 2 5 nmJ^T, ££tCte 
0. 2 nmfiilTfrS^t^til^aStCiOJfFSL 
Ho 19 3mmffll:MtTH Rait 0. 2n 

m«T2 Z\Z\$0. 1 5 nmJ^T£T£-£^«£>31 

10 [0 0 2 5] CCT\ 7t¥SilflMi:LTH i£B#?B<Z> 
fccD^, ^J^L«i£Sa^B<hiBSia^»«!:*2SXtt-?- 
n£A±«B bfitlft&^Sia^BfM^Oi:^^ «fc o 

tit, y'J3X Rtf, 

[0 0 2 6] 2»«a©3t*aaWCOlfiT«feDBK 

BWifat, 3e*aa«*2ajBA±^wr«i«-r*»^ 

[0027] cct> isaa^HiUT^^^n^aw 
fr*jdfc-r*K^*4. it i «3t¥aasp^87tss^ 

&^T'PU< tb3 %«±<&aa^£*T*d££:Sl/ 

(itl) TX (l-R) Xexp (- 4 Ttkid/ 
A) >0. 0 3 

t : ajtRSfc*wsaM»«©aa*, 

40 R : 83tiSSJc43frtS7t^aaffi<Z)JK8**. 

ki : a?8tt*#"r*«»a)«316«fifc:*W*M*** 
(extinction coefficient) > 

d : BftRfiK^t^ffiffiA* 1 8 0° \Zlstc^<Dm 

m* 

d=A/2/ (n- 1) , 

n : ajejftfi^fe^sjtt^aawoasf*. 
[0028] jsaa*atuTffl^6n«a*tt 

so £SSfc*r#Krt*ft£. 



(6) 
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(5£2) k2>ki 

[0 0 2 9] *5S9iTtt, ±KEbfc«J5£Sr»jatt"Sfc«) 

|6j±ai±SCli:^pIffiT*t), 1#^ffi*7&«0. 2AX# 
;U (Pa) £tTT»l)«l^fcSft*WT»§o §¥L<te, 
ArFX^y7l/-f-ffl(DS§, JE>W0. 1 5/tX 

(Pa) &T^&zm&izm%i't)m®*>ti. o. i 
(Pa) &TT*&zm&iz±zte&mm$:-t)m 20 

btl^o £fc> K r FX^yVlz-'If-fflOSp, /E^J 
7^0. 2A°X#;U (Pa) «TT*S«^K^Sa*iStf> 
4>&<<hfc0. 2A°X#;i' (Pa) KTi:"r^^ 
g#*0, 0. 1 5/n°X*UU (Pa) firFT&£>»£-K: 

[0 0 3 0] &*3, 3t®ffi£te> J*MP#<0EE*Et*UC 30 

Ttt, RaTO. 3 nmttT^fflffiSSSSfcftt 
tt, ^J?(iKr FfflTiil 0 0 0^>^X hn-AfiTF 
tt^it^SfiK, ArFfflTte. 7 0 0 nm|^T 
TftSCtWSLK £ft* y'J3>, Rtfg 

*t**ft±fc««l«JS»i , r*lltT*4, RatO. 3 

111 2 0 0 h a - ARTtt* C * I 

<, A r FfflTd 1 0 0 0 t/^/X hD-A^Ttn 40 

[0 0 3 1 ] -7j> ±8EJE*£ffiTSi*S£iK:<fcD# 
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[0032] fifflv7 h^x^y^>^x(c^*^n^ 

rt»**fl!)***tt. iH©ftS**6-f (1 

5 2 mm) (DiEJjl&T<h 0 , JS^'O. 25-f>f 
(6. 3 5mm) T^5&^lS^ffl^^&C 
tt, Slig^Sfi©¥®SIftl^Um£tT (TIB 
it (2) T*«e>fc»^2 x l 09/tx*;P£tT(OIS^* 
JC*@eM) a*SM3T**£. If^lOOnmtfcO, 58 

je*»iSR^3tt*aii«^*Jt*rt«**«)**a*2 
x i o9/ix#;i^Ttc^£^£~r* 3t¥jSiaJK-^5t^ 

A r Fl^yVl/f-ffllCilL^I^, _LIfi¥®gt 
*&0. 2^X#;MCbfc«'&K:tt, ££#UI?US2 0 0 

rgj£TrtffiJS*<B*i§r<* 2 x i 0 9Ax^;i/J^T^# 

O^^bl:f6<UT0. 1 P aCL^C 

«u 5 o^mm-v^mtKD^^^ 2 x 1 

viTStR<o»tt*a«-rs c: t j: 0 e»n 

rtm*<0**SteTK5£ (2) T^tT- 
Eb2/ [6 (1-v) rd] (2) 

it (2) ic^^TE«SlscDir>^> btzmfaoJm 

5 o orjButK-rs^ yt^mmm^^mmm^mm 
mi)mi&mi&<OT&i&&& o 3 0 %«±±#-r Br 

5 0 otOTt^^^iw^ui/^ fKbfi&siaaecoiW 

rt8***ft<T5i^6H 3 0 OTCJBUt***?* 
3 5 0tEJl±, 4 0 0t«±^W^UK & 

4s, 2 0 orw±^^MS^-r^>siH^:^^^:#/uT 
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y^7A, n^-y, €'jyf>, *>*>k 9>7*T> 

U7f>J:t)ST«oT^S. ±iEX/Vy^U 

fiffftJKt&^fc:^. y'j3>t*i^9 5mo 1 %<fc 

(*^ld*jiDfC< ^#>> Stflrt^^^ (fflU) 

9—fv h^cDvU 3>MM9 5 m 
o 1 %Et±T'*^I&Tt), RFX/t>y*U>^£fflV> 

—try h&mn^(D\^mf}^yt^MM^m^^^ 

USAT^-tV 9)Vifl&<te%t.^offiMifi$>Z>* 
>Mi^9 5mo 1 %JK±Tfe^»^fC*5^Tfe^ 

^-y-yht^v'J^/MIH 8 8-9 5mol 
%«Slt^ WAtf, Si :Mo = 88: 12-9 
5 : 5 U < , Si :Mo = 92:8 ttifi^cfc 0 JfF 

[0 0 3 3] #5B9J 4) Ttt, 

7>^lc*5^T, Wtc»l«©lwe{bftB*fc*»w, o. so 
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;H*JTF t H -5 ffiJE*BSR+ A v9V>9 
i»DA, yyik9ai*m \Z&tf2> 

[0 0 3 4] 

[*3Sfi«l3 ^fiBW 1-10. 1 - 3 TkXSVc&m 1 

-3 

02 ic^Tcfc^^DCT^ hn>x/W^U >^gl 
^liTl^ODA r FX+^Vlz-f- (19 3nm) 

99—tfv h 5 hA7*>^l^- K4<D»»»Ctt>f > 
>#V-F 2 W7^>^l/.-h4WXA e 7^'J > 

99— Vv V 5lilgMi:^$ntt^o ss^;^' 

3 dttan&K 6 ^t^nxi^o 1 \mm& 

L, D CliS9 ^ffl^T7^> h □ >^3 V- H 2 Cftl 

tt, ^x^APh^^SA-r^^xoa^s^^rJttc 
j;Dii«o ^^x^T;u=f><hfiX*e*^«^{c 

^ 0 fi*©tfc**»iaET*«:ttTttBraa)aa****6 
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[0 0 3 5] ±E<3!)J:5^L,T}t#a3Ml*»J*Ufca 
9, 1 1 M 2 » Rtf 

a -^iik:tt<fxiAPi6**lT, 
ffitt^xMA^nt^o, SA^nfc^x^smn i 

*stt#*£*AT*ciK:<ko, K«ia«i*r»*^^ 

[0 0 3 6] §&&E#J 1-10, 1 - 3 RtfJfct»0H 

f&MmTM&mxmznrzo s i k*js« i - 1 o, # 

1-3 2fc Jfc»0y 1-3 <Z>f£»^fr £*VTo ^S6#J 
1-10, #^0iJl-3^t/ltK^Jl-3T^, 

R©WP<z)^st e iR<DjB«*^aa*fe*ffci'*fc 
[0037] ^(D&oteJjmx'ftmznfz-?*??? 

ytx\z~o^x. ii2 icS^ftlfttfc^TiH^fc. 

a«[<ossa*tt. is^ffw^aaa <afm> zm^x 
mmmm<Dmmn^Ra^ o. i-o. nnmti 

fc e Jt^aaK^BKtttt. (H2SO4: 9 6 

%, um : i o or) 1 2 o#fsjs»Lfciiat£<0&: 
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m^mtxmmvrzo * <&« £ l fc c <h * 
lu^s, 3t*aaas^»7^*utttt. r>^z 

jMtK (2 9 %NHa : 3 0 %Hz02 : H20= 1:2:1 
0 (fcmtt) , i&S : 2 5t) + £1 2 0#HJ«8lbfc 

^-r^S3tiSSC0X+ v*7 k-1f-£ 8mJ/c m2/p 
ulse<Z)X*;^-. 2 0 OHzO^T, »«X*;i/=1f 
-S3 0 k J/cm2iliL mtt\Z<k2>t&yt&&&7& 

m<D±.mz^owm^n^rc mmm 1 - s , 

-3RtftkK«l-3) » »J6-10TH ii^fe 
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